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Abstract 

The use of locking plate technology for the fixation of proximal humerus fractures has been increasing. Purpose of this research 
was to analyze the comparison of functional outcome in elderly (>65 years of age) to non-elderly patients (< 65 years of age) who 
had sustained a proximal humerus fracture and were subsequently treated with locking plate technology. Retrospective database 
of all patients with proximal humerus fracture who had undergone surgery using locking plates was obtained. Patients’ charts 
were retrospectively reviewed to analyze presentation, type of injury and management for the proximal humerus fracture. All 
available follow up data was reviewed. A total of 49 patients met the inclusion criteria for the study. They were divided into two 
groups: Group A (<65 years) and Group B (265 years). Constant score questionnaire was completed for all these 49 patients. 
Level of significance for the differences in functional outcome between the two groups was calculated using unpaired t-test. The 
results were statistically significant for the functional outcome between the two groups indicating that younger patients function 
better with the use of locking plate technology. Of all the 49 patients about 85% of the patients had an excellent/satisfactory 
functional outcome as suggested by the constant score. These results favor the use of locking plate technology in the fixation of 
upper humerus fractures. 
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Introduction 

The proximal humerus has been traditionally 
considered an anatomic area prone to osteoporotic 
fracture following low-energy trauma in the elderly 
patient, and as the population continues to age, there 
will likely be an increase in the incidence of these 
fractures [1]. Younger patients are subjected to 
proximal humerus fracture mostly following high 
energy trauma/mechanisms. Proximal humerus 
fractures account for 4-5% of all fractures and 
depending on several factors they can be treated non- 
operatively or operatively. Treatment is guided by 
multiple factors including displacement of fracture 
fragments, the baseline functional status of the 
patient, hand dominance, and age [2, 3]. Non- 
operative treatment is preferred for fractures that are 
stable and not or minimally displaced. Osteoporosis, 
comminution, short-segment fracture length, and 
displacement complicate stabilization, fracture 
healing, and functional results [4-12]. Displaced, 
unstable fractures can be treated operatively using Materials and Methods 
different types of fixation techniques which include: 
closed reduction and percutaneous pinning, locking 
plate (LP) and screw fixation, intramedullary nailing 
(IMN), tension band wiring, hemiarthroplasty, or a 
combination of techniques. Most recent advances in 
management of these kinds of fractures have resulted 


in open reduction internal fixation (ORIF) with the 
use of locking plate technology. ORIF can help in 
maintaining stability and allow the patient to begin 
early mobilization and hence early rehabilitation 
thereby reducing the time required to be bedridden 
and subsequently avoiding any complications that 
may arise due to immobilization. 

The purpose of this study was to compare the 
outcome following ORIF surgery using locking plate 
technology in elderly (more than or equal to 65years 
of age) to non-elderly patients (below 65 years of 
age). Constant shoulder score system for the 
assessment of functional outcome has been 
considered fit and has a good correlation and 
agreement with other scoring systems such as ASES 
(American shoulder and elbow surgeons) shoulder 
score and HSS (hospital for special surgery) shoulder 
score. It has been recommended for its high 
correlation coefficient [13]. 


This study was conducted in Department of 
Orthopedic Surgery at South-East University 
affiliated Zhong Da hospital, Nanjing, Jiangsu, PR 
China. A retrospective data of all patients with a 
proximal humerus fracture within the time period of 
January 2008 to December 2012 was collected. 


Patients’ files were retrospectively reviewed to 
analyze history at presentation, mechanism, type of 
injury, type of treatment given to them and their 
condition at follow up. Keeping in mind the objective 
of our study all patients who underwent any 
treatment other than ORIF using locking plate 
technology were excluded for the study. This study 
was approved by the institutes’ editorial board. 
During the time period of January 2008 to December 
2012 a total of 221 cases of trauma/injury to the 
humerus were recorded. Out of these 221 cases, 
patients that accounted for proximal humerus 
fractures were recorded to be 124. Of the 124 cases 
sustaining injuries to the proximal humerus fracture 
leading to fracture 91 patients were treated 
operatively using locking plate technology. The other 
33 patients were treated by other means using 
different surgical techniques such as arthroplasty, 
operatively with other means (such as percutaneous 
pins) or some of them even being managed 
conservatively. 

On inquiry (follow up) 12 out of the 91 cases treated 
by locking plate technology died (? natural/unnatural 
death). 31 patients were lost to follow up and the 
remaining 49 patients in all were available for 
inclusion in our studies. These 49 patients were 
divided in to two groups: Group A (patients younger 
than 65 years of age) and Group B (patients that were 
65 years of age or older). Group A consisted of 26 
patients and Group B comprised of the remaining 23 
patients. All patients were followed up for more than 
one year and constant score questionnaire was 
completed for all of these patients. 


Surgical technique 


All surgeries were performed under general 
anesthesia using a deltopectoral approach. Fracture 
site was exposed through this approach and reduction 
was achieved with the help of K-wires and confirmed 
using intra-operative fluoroscopic images. After 
having achieved a satisfactory reduction the K-wires 
were replaced with locking plate and screws. 
Following fixation, fluoroscopy images were 
obtained (anterior-posterior views and lateral views) 
to confirm appropriate reduction of bone fragments, 
plate position and screw length. 


Statistical analysis 


Differences in functional outcome (as seen on the 
constant score questionnaire) between the two groups 
(Group A and Group B) were assessed by calculating 
the level of significance (p-value) for the differences 
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in mean between the two groups. A p-value of < 0.05 
was considered to be of statistical significance. The 
unpaired t-test was used to compare the differences in 
mean between the two groups. The statistical analysis 
for the study was performed using the IBM SPSS 
Statistic 20 software. 


Result 


Of the 49 patients 26 were younger than 65 years 
(Group A) and 23 (Group B) were older than or equal 
to 65 years. Mean + SD of the functional outcome for 
Group A (N=26) was calculated to be 81.35 + 17.246 
and for Group B (N=23) Mean + SEM of the 
functional outcome was 65.74 + 20.075 (figure 1). 
The difference in mean between these two groups 
was 15.61 + 5.331. The difference in mean was 
compared using unpaired t-test and the p-value for 
the test was recorded to be 0.0053. Results of this 
study were statistically significant for the differences 
in mean between the two age groups which indicates 
that patients younger than 65 years of age had a 
better functional outcome when compared to older 
patients (>65 years of age) (Fig. 1). A total of 42 
patients (85.71%) had an excellent or satisfactory 
result but in 7 (14.28%) the outcome was poor (Table 


1). 
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Figure 1: Independent sample T test for two groups. *p<0.05, with a 
statistical significance between two groups. 


Table 1: Age related constant scores 











Number of patients (%) 

Constant score Group A Group B Total 
>75(excellent) 20(71%) 8(28.6%) 28(100%) 
50 to 75 (satisfactory) 536%) 9(64.3%) 14(100%) 
<50 (poor) 1(14.3%) 6(85.7%) 7(100%) 

Total 26(53%) 23(46.9%) 49(100%) 





“Z=-2.729 p = 0.006 


Discussion 


Treatment of proximal humerus fractures treated with 
locking plate technology can lead to a good 
functional outcome with the use of correct surgical 
technique, also depending on the surgeon’s skill to 


perform the procedure correctly [14]. Previously 
many studies have used the constant score for the 
assessment of shoulder function [2, 14-19]. In a study 
conducted by Ye et al a mean DASH and Constant 
scores for all 89 patients were 19.6 and 66.6 points, 
respectively, when calculating functional outcome in 
patients older than 50 years of age [15]. This was 
similar to our study (the mean for elderly patients 
was 65.74). Previously conducted studies have shown 
that locked plating technology for proximal humerus 
fractures is beneficial for both the elderly and non- 
elderly patients [20]. Some complications following 
the use of this technology have been reported: 
hardware failure, hardware removal, intra-articular 
hardware, varus deformity, infections, osteonecrosis, 
subacromial impingement and fixation revision [17- 
19, 21-24]. Most of these complications occur due to 
fracture type and is not an implant specific problem 
[25]. In contrast to this Koukakis et al stated that the 
plate design provides a stable fixation with a good 
functional outcome and reduces the chances of 
hardware problems [23]. 

Locking plate technology for the fixation of proximal 
humerus fracture is a very effective method to obtain 
a good functional outcome. In this study about 85% 
of the patients treated via this method had an 
excellent or satisfactory outcome (Table 1). Moonot 
et al showed similar results [19]. Previously 
conducted studies have shown that locking plate 
technology has been proved to be equally efficient 
for both the young and old patients [20]. But our 
studies demonstrate that younger patients function 
better in comparison to the older patients with the use 
of this technique (Figure 1). These results suggest 
that the use of locking plate technique in the fixation 
of proximal humerus fracture has a favorable 
outcome in both the age groups with the younger age 
group having a tendency to have a better outcome in 
comparison to the older age group patients. The 
shortcoming in this study is the limited data which 
could affect the result. Also the clinician based 
constant score could bias the results. Large scale 
studies, multicenter data and multiple scoring 
systems to assess the functional outcome could help 
in determining a better and more efficient outcome. 


Acknowledgements 


The authors are highly thankful to Shi Liu, Wang 
Shan Zheng, Shi Jing, Zhang Cheng and all the 
faculty members at the department of orthopedic, 
Zhong da hospital, for the support and guidance they 
provided for the completion of this article. We would 


also like to acknowledge the institutes’ editorial 
board for providing us with the approval to conduct 
the study. 


References 


[1] Palvanen M, Kannus P, Niemi S, Parkkari J. Update in the 
epidemiology of proximal humeral fractures. Clinical 
orthopaedics and related research. 2006;442:87-92. 

[2] Sudkamp N, Bayer J, Hepp P, Voigt C, Oestern H, Kaab M, et al. 
Open reduction and internal fixation of proximal humeral 
fractures with use of the locking proximal humerus plate. Results 
of a prospective, multicenter, observational study. The Journal of 
bone and joint surgery American volume. 2009;91(6):1320-8. 

[3] Zyto K. Non-operative treatment of comminuted fractures of the 

proximal humerus in elderly patients. Injury. 1998;29(5):349-52. 

4] Gardner MJ, Lorich DG, Werner CM, Helfet DL. Second- 

generation concepts for locked plating of proximal humerus 

fractures. American journal of orthopedics (Belle Mead, NJ). 
2007;36(9):460-5. 

[5] Gibson JN, Handoll HH, Madhok R. Interventions for treating 

proximal humeral fractures in adults. The Cochrane database of 

systematic reviews. 2001(1):Cd000434. 

6] Gibson JN, Handoll HH, Madhok R. Interventions for treating 

proximal humeral fractures in adults. The Cochrane database of 

systematic reviews. 2002(2):Cd000434. 

[7] Healy WL, Jupiter JB, Kristiansen TK, White RR. Nonunion of 

the proximal humerus. A review of 25 cases. Journal of 

orthopaedic trauma. 1990;4(4):424-31. 

8] Helmy N, Hintermann B. New trends in the treatment of proximal 

humerus fractures. Clinical orthopaedics and related research. 

2006;442: 100-8. 

[9] Hertel R. Fractures of the proximal humerus in osteoporotic bone. 
Osteoporosis international: a journal established as result of 
cooperation between the European Foundation for Osteoporosis 
and the National Osteoporosis Foundation of the USA. 2005;16 
Suppl 2:S65-72. 

[10] Hertel R, Hempfing A, Stiehler M, Leunig M. Predictors of 
humeral head ischemia after intracapsular fracture of the 
proximal humerus. Journal of shoulder and elbow surgery / 
American Shoulder and Elbow Surgeons [et al]. 2004;13(4):427- 
33. 

[11] Khan AA, Khan SU, Hossain Z. Intrathoracic migration of a 
humeral orthopedic pin. The Journal of cardiovascular surgery. 
2003;44(2):275-7. 

[12] Kristiansen B, Christensen SW. Plate fixation of proximal 
humeral fractures. Acta orthopaedica Scandinavica. 
1986;57(4):320-3. 

[13] Bai L, Wang TB, Zhang PX, Wang J, Xu HL, Xue F, et al. [Three 
kind of scoring system for proximal humeral fractures in patients 
with postoperative functional review of evaluation: a multicenter 
study]. Zhonghua wai ke za zhi [Chinese journal of surgery]. 
2012;50(4):318-22. 

[14] Konrad G, Bayer J, Hepp P, Voigt C, Oestern H, Kaab M, et al. 
Open reduction and internal fixation of proximal humeral 
fractures with use of the locking proximal humerus plate. 
Surgical technique. The Journal of bone and joint surgery 
American volume. 2010;92 Suppl 1 Pt 1:85-95. 

[15] Ye T, Wang L, Zhuang C, Wang Y, Zhang W, Qiu S. Functional 
outcomes following locking plate fixation of complex proximal 
humeral fractures. Orthopedics. 2013;36(6):e715-22. 

[16] Bigorre N, Talha A, Cronier P, Hubert L, Toulemonde JL, 
Massin P. A prospective study of a new locking plate for 
proximal humeral fracture. Injury. 2009;40(2):192-6. 

[17] Hepp P, Theopold J, Voigt C, Engel T, Josten C, Lill H. The 
surgical approach for locking plate osteosynthesis of displaced 
proximal humeral fractures influences the functional outcome. 














Journal of shoulder and elbow surgery / American Shoulder and 22] Fankhauser F, Boldin C, Schippinger G, Haunschmid C, 

Elbow Surgeons [et al]. 2008;17(1):21-8. Szyszkowitz R. A new locking plate for unstable fractures of the 
18] Laflamme GY, Rouleau DM, Berry GK, Beaumont PH, Reindl proximal humerus. Clinical orthopaedics and related research. 

R, Harvey EJ. Percutaneous humeral plating of fractures of the 2005(430):176-81. 

proximal humerus: results of a prospective multicenter clinical 23] Koukakis A, Apostolou CD, Taneja T, Korres DS, Amini A. 

trial. Journal of orthopaedic trauma. 2008;22(3):153-8. Fixation of proximal humerus fractures using the PHILOS plate: 
19] Moonot P, Ashwood N, Hamlet M. Early results for treatment of early experience. Clinical orthopaedics and related research. 

three- and four-part fractures of the proximal humerus using the 2006;442:115-20. 

PHILOS plate system. The Journal of bone and joint surgery 24] Owsley KC, Gorczyca JT. Fracture displacement and screw 

British volume. 2007;89(9):1206-9. cutout after open reduction and locked plate fixation of proximal 
20] Jones CB, Sietsema DL, Williams DK. Locked plating of humeral fractures [corrected]. The Journal of bone and joint 

proximal humeral fractures: is function affected by age, time, surgery American volume. 2008;90(2):233-40. 

and fracture patterns? Clinical orthopaedics and related research. 25] Strohm PC, Helwig P, Konrad G, Sudkamp NP. Locking plates in 

2011;469(12):3307-16. proximal humerus fractures. Acta chirurgiae orthopaedicae et 
21] Charalambous CP, Siddique I, Valluripalli K, Kovacevic M, traumatologiae Cechoslovaca. 2007;74(6):410-5. 


Panose P, Srinivasan M, et al. Proximal humeral internal locking 
system (PHILOS) for the treatment of proximal humeral 
fractures. Archives of orthopaedic and trauma surgery. 
2007;127(3):205-10. 


12 


